and a tracheal cannula, connected to a venturi tube, was inserted and used to monitor air flow velocity. Responses were studied in animals with and without bilateral vagotomy.
Animals were placed in a David Kopf stereotaxic apparatus and a hydraulic microdrive system attached to the electrode carrier was used to position the microelectrode. Etched tungsten microelectrodes (4-to lo-pm tips) were used for recording unit activity. The electrical activity was amplified, filtered (pass band 300-3,000
Hz), and led to an oscilloscope for visual observation and through a speaker system for audio monitoring.
The unit activity, respiratory signal, and blood pressure were also connected to an analog tape recorder for recording and future computer analysis. Analysis. Any hypothalamic unit activity that showed respiratory periodicity was recorded on analog tape. The data were then played back into a PDP-12 for analysis. Close extracellular recording produces' spike potentials that may be a composite of several cell populations.
A computer program (briefly described in the following paragraph) was devised to sort these events based on amplitude (27). A neural discharge was considered to be from the same population only if the amplitude remained constant. The function of the computer program was I> to detect a neural event and 2) to assign the event to one of six populations that were based on peak amplitude above base line. First, a peak was determined by criteria based on a specified rate of change of voltage. Extremely rapid voltage changes were considered artifacts and were deleted from the data string. Conversely, slowly changing potentials without sharp inflections were also considered possible artifacts. Second, sampling was gated in such a way that a minimum voltage change must have occurred between peak detections. If these two criteria were met, the voltage change was considered to be a distinct neural event and was assigned to the population corresponding to its peak amplitude. The input signal to the computer was adjusted so that the amplitude of all apparent neural activity was less than 400 mV. The various cells represented in levels 2 through 6 show nearly synchronous increases in discharge frequency.
A composite histogram that is a summation with respect to time of unit activity for all amplitude levels is shown in Fig. 1B . Dots represent average discharge summated for all amplitude levels for each 40-ms bin.
A second type of respiratory-related activity is shown in Fig. 2 . The highest three amplitude levels (levels 4, 5, and 6) show unit activity correlated with inspiration. All three levels show no activity until late inspiration, when firing begins. The cell activity in level 6 stops at end inspiration, while cell activity for levels 4 and 5 continue into expiration.
Respiratory activity superimposed on a tonic discharge is shown in Fig. 3 The activity represented by level 4 generally has a high firing frequency that appears to decrease only during the last half of inspiration. Figure 4 clearly illustrates inspiratory-expiratory phasespanning activity (level 6) and simultaneously shows classical expiratory activity represented by levels 4 and 5. It is possible that these results may be due to movement artifact. However, we feel this is highly unlikely because of the deep central recording location and the extremely localized nature of the site. In addition, no amplitude changes were observed while recording from isolated respiratory-related units.
DISCUSSION
Results of this study demonstrate the exis tence of respiratory-related neurons in the hypothalamus of the anesthe- Note 180' phase shift between activity in level 4 and that in level 6. Number of respiratory cycles and firing frequency same as in Fig. 1A. tized cat. Such neurons are sparsely represented. The apparent scarcity of respiratory related neural activity may be an anatomic reality, a postulate supported by the observation that such activity has been found only in a discrete area of the hypothalamus.
However, anesthetic effects may also lower the probability of recording from respiratory units since successful recordings have been made only from animals maintained at a light anesthetic plane. This idea is supported by reports that even lower brainstem respiratoryrelated units are difficult, if not impossible, to locate in the presence of anesthetics (21) but appear to be plentiful when no anesthetic is used (1). In preliminary experiments, urethan, chloralose, and Dial were used but pentothal has been the most appropriate anesthetic, perhaps because its short action provides relatively fine control over the anesthetic level.
The functional significance of respiratory-related neural activity in the hypothalamus is not clear, but two possibilities may be suggested at present. It is well documented that the single most important central nervous system structure involved in temperature regulation is the hypothalamus. In the cat, panting is the primary heat-loss mechanism, and so it is possible that the respiratory-related neural activity is functioning in a thermal regulatory capacity. Our experiments to date do not directly confirm such a hypothesis, but it should be noted that the anatomical location of respiratory activity is only slightly posterior to the preoptic area, which is considered to be the effective heat-sensitive structure in the anterior hypothalamus (7, 14, 15) . Over the past few years, considerable evidence has been published to show that the hypothalamus plays an important role in the modulation of the medullary cardiovascular control center (9, 10, 11, 16 
